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REMARKS 

The February 19, 2003 Official Action and references cited 
therein have been carefully reviewed. In light of the 
amendments presented herewith and the following remarks, 
favorable reconsideration and allowance of the application are 
respectfully requested. 

At the outset, Applicants hereby request the references 
cited in the parent application, U.S. Application 09/046,373, be 
considered and printed on the face of any patent which issues 
from the above- identified application. 

At page 2 of the Official Action, the Examiner acknowledges 
Applicants' election without traverse of claims 6, 8, 12, and 13 
for further prosecution. 

At page 2, the Examiner indicates that the abbreviations 
"Ab" and "Ag" are used in the instant specification without 
definition. Applicants submit that the skilled person is well- 
aware of the meaning of these abbreviations. However, this 
omission has been corrected by the amendment to the 
specification presented hereinabove. The Examiner also 
indicates that "AG TS " was referred to in the description of 
Figure 1 but not shown on Figure 1 and that v AG rs " and "AG f " are 
shown on Figure 1 but not defined in the description. It is 
submitted that the "AG rS " shown on Figure 1, which the Examiner 
refers to, is actually "AG TS " , which has been defined in the 
description. The "AGf" shown on Figure 1, which the Examiner 
refers to, is actually "AG P " . To eliminate this confusion, 
Applicants submit herein a replacement of Figure 1 which clearly 
indicates "AG TS " and "AG P " . Additionally, the description of 
Figure 1 has been amended by the foregoing amendment to include 
a definition of "AG P " . The skilled person of transition state 
chemistry is well aware of the meaning of this term which 
appeared in the specification as originally filed. Accordingly, 
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applicants submit that the amendment to the description of 
Figure 1 does not introduce new matter into the specification. 
In light of the foregoing amendments, the objections to the 
specification and figures are now moot. 

Also at page 2, the Examiner rejects claims 6, 8, 12, and 
13 under 35 U.S.C. §112, second paragraph, as allegedly being 
indefinite for failing to particularly point out and distinctly 
claim the subject matter which applicant regards as the 
invention . 

At page 3, the Examiner further rejects claims 6, 8, 12, 
and 13 under 35 U.S.C. §112, first paragraph, as allegedly 
containing subject matter which was not described in the 
specification in such a way as to reasonably convey to one 
skilled in the relevant art that the inventor(s), at the time 
the application was filed, had possession of the claimed 
invention and in such a way as to enable one skilled in the art 
to which it pertains, or with which it is most nearly connected, 
to make and/or use the invention. 

At page 5, the Examiner rejects claims 6 and 8 under 3 5 
U.S.C. §103 (a) as allegedly being unpatentable over Lerner, 
R.A., et al., (1991) Science 252:659-667. 

Finally, at page 6, claim 12 is rejected under 35 U.S.C. 
§103 (a) as allegedly being unpatentable over either Blackburn, 
G.M., et al. (1996) Pure & Appl . Chem. 68 (11) : 2009-2016 or 
Landry (U.S. Patent 5,948,658). 

The foregoing constitutes the entirety of the objections 
and rejections raised in the February 19, 2003 Official Action. 
In light of the present amendments and the following remarks, 
each of the above-noted rejections under 35 U.S.C. §§112, first 
and second paragraphs, and 103(a) is respectfully traversed. 
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The metes and bounds of claims 6, 8, 12, and 13 
as amended are clear 

The Examiner has rejected claims 6, 8, 12, and 13 under 
U.S.C. §112, second paragraph. Specifically, the Examiner 
asserts that the phrase "covalently reactive antigen analog" in 
claim 6 is not defined in the claim. Additionally, the Examiner 
has construed the phrase to mean "something that is bound 
covalently to an antigen with a reactive analog" . It is 
submitted that the Examiner's position is erroneous and the term 
"covalently reactive antigen analog (CRAA) " has been defined in 
the present specification. See page 16, lines 14-20, where it 
is disclosed that the CRAAs of the invention are novel antigen 
analogs which "contain an electrophilic center flanked by 
peptide residues derived from proteins associated with a 
particular peptide antigen to be targeted for cleavage and the 
intended use of the CRAA" . The specification further provides 
the structure of several exemplary CRAAs, see figures 10, 15 and 
16. As set forth in the present application, the instantly 
claimed CRAA of the invention are superior to conventionally 
used TSA because they contain essential elements which act in 
concert to a) bind chemically reactive serine residues encoded 
by the germline genes for certain serine protease types of 
catalytic antibodies (as well as residues such as Thr and Cys 
that might acquire their chemical reactivity via somatic 
sequence diversification of the germline genes) ; b) utilize ion 
pairing and noncovalent forces to bind structures such as 
positively charged Asp/Glu residues that are responsible for the 
basic residue cleavage specificity of the germline encoded 
catalytic sites; and c) bind antibody combining sites at 
multiple amino acids via ion pairing and non-covalent forces. 
See page 6, lines 5-18. Thus, the term "covalently reactive 
antigen analog" (CRAA) is not only well defined, but structural 
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examples of such analogs are exemplified in the specification. 
Accordingly, it cannot be reasonably maintained that the subject 
matter of claim 6 is indefinite. 

The Examiner further states that the recitation of "CRAA" 
in claim 8 lacks proper antecedent basis. This has been 
corrected by the amendment to claim 6, from which claim 8 
depends, wherein "CRAA" is defined as the abbreviation of 
"covalently reactive antigen analog" . Also, in response to the 
Examiner's assertion that the abbreviation of "CRAA" is not 
defined in claim 13, Applicants present hereinwith an amendment 
to claim 13 wherein the omission is corrected. 

Additionally, by the foregoing claim amendment, claim 12 
has been amended to correct the misspelling of words 
"administering" and "catalytic antibodies" . 

Therefore, it is submitted that the metes and bounds of 
claims 6, 8, 12, and 13, as amended are clear. Accordingly, the 
rejections of these claims under U.S.C. §112, second paragraph, 
should be withdrawn. 

Claims 6, 8, 12, and 13 Have Met the Requirement under 3 5 U.S.C. 

§112, First Paragraph 

At page 3, the Examiner has rejected claims 6, 8, 12 and 13 
as allegedly not complying with the written description and 
enablement requirements of 35 U.S.C. §112, first paragraph. It 
is submitted that this rejection is improper and should be 
withdrawn . 

Claims 6, 8, 12, and 13 are directed to methods for 
producing catalytic antibodies using the CRAAs of the present 
invention, methods for passively immunizing patients using the 
catalytic antibodies produced therefrom, and methods for 
actively immunizing patients using vaccines comprising the CRAAs 
of the present invention. An enabled description of the claimed 
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methods has been fully provided in the specification as 

originally filed. For example, at page 29, lines 1-10, a method 

of stimulating catalytic antibody synthesis by immunizing mice 

with an electrophilic CRAA of an EGFR peptide is disclosed. At 

the paragraphs that follow (at pages 29-40) , a detailed 

description of materials and methods used in practicing the 

methods are also provided, e.g., preparation of EGFR-CRAA 

peptide; immunization of mice; EGFR-CRAA EL ISA; catalytic 

selection reagents; screening for catalytic activity; and 

assessment of catalytic properties. Also, at pages 88-102 of 

the specification, protocols used for stimulating the production 

of anti-gpl20 catalytic antibodies by immunizing mice with 

gpl20-CRAA of the present invention are disclosed. Further, in 

Examples IV and V (pages 121-123) of the specification, methods 

of passive immunization with the catalytic antibodies of the 

present invention and methods of active immunization with the 

CRAAs of the present invention are described. Thus, the subject 

matter of claims 6, 8, 12, and 13 is fully described by the 

specification as it was originally filed. 

With regards to the Examiner's position that the claimed 

inventions are not enabled by the specification, it is 

respectfully submitted that the Examiner has failed to establish 

a prima facie case of unenablement . Specifically, in Fiers v. 

Sugano, 984 F.2d 1164, 25 USPQ 2d 1601,1607 (Fed. Cir. 1993} the 

Federal Circuit has stated: 

" [A] specification disclosure which contains a 
teaching of the manner and process of making and using 
the invention in terms which correspond in scope to 
those used in describing and defining the subject 
matter sought to be patented must be taken as in 
compliance with the enabling requirement of the first 
paragraph of §112 unless there is reason to doubt the 
objective truth of the statements contained therein 
which must be relied on for enabling support. ..." 
" [A] ny party making the assertion that a U.S. patent 
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specification or claims fails, for one reason or 
another, to comply with §112 bears the burden of 
persuasion in showing said lack of compliance." 

Moreover, in Staehelin v. Secher, the Board provides: 

"It has been consistently held that the first 
paragraph of 3 5 USC 112 required nothing more than 
objective enablement. ... However such a teaching is set 
forth, whether by the use of illustrative examples or 
by broad descriptive terminology, is of no importance 
since a specification which teaches how to make and 
use the invention in terms which correspond in scope 
to the claims must be taken as complying with the 
first paragraph of 35 USC 112 unless there is reason 
to doubt the objective truth of the statements relied 
upon therein for enabling support." 

In the instant case, lacking a specific showing, the mere 
assertion by the Examiner that the production of catalytic 
antibodies is unpredictable does not render the claimed 
invention unenabled. 

Additionally, submitted hereinwith is a recent publication 
by a co- inventor of the present invention, Sudhir P. et al., 
"Specific HIV gpl20-cleaving Antibodies Induced by Covalently 
Reactive Analog of gpl20", The Journal of Biological Chemistry 
2003 ,-278 (22) : 20429-20435 . In this publication, 7 monoclonal 
antibodies were raised by immunization with a covalently 
reactive antigen analog of gpl20 having a similar structure with 
the CRAA-gpl20 of the present invention. Catalytic cleavage of 
biotinylated gpl20 by 3 of the 7 monoclonal antibodies is 
observed. Sudhir P. et al . , therefore, provide further evidence 
that the claimed invention is enabled. 

The examiner has concluded that the subject matter of claim 
13 lacks enablement. There are many factors to be considered 
when determining whether there is sufficient evidence to support 
a determination that a disclosure does not satisfy the 
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enablement requirement and whether any necessary factors 
experimentation is "undue" . These factors include 

(a) The breadth of the claims; 

(b) The nature of the invention; 

(c) The state of the art; 

(d) The level of one of ordinary skill; 

(e) The amount of direction provided by the inventors; 

(f) The existence of working examples; 

(g) The quantity of experimentation needed to make or use 
the invention based on the content of the disclosure. 

A conclusion of lack of enablement means that, based on the 
evidence regarding each of the above factors, the specification, 
at the time the application was filed, would not have taught one 
skilled in the art how to make and/or use the full scope of the 
claimed invention with out undue experimentation {In re Wright, 
999 F.2d 1557,1562, 27 USPQ2d 1510, 1513 (Fed. Cir. 1993). 

Applicants submit that in light of the evidence provided 
above, regarding the generation of catalytic antibodies using 
covalently reactive analogs for gpl20, the disclosure in 
specification relating to immunization with CRAA, and the 
general knowledge of those skilled in the art of immunization, 
it is clear that the skilled person could practice the subject 
matter encompassed by claim 13 without undue experimentation. 
Based on the above, it is submitted that the subject matter of 
claims 6, 8, 12, and 13 is fully described and enabled by the 
specification as it was originally filed. Accordingly, the 
foregoing rejections under §112, first paragraph, are improper 
and should be withdrawn. 
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Claims 6 and 8 are not obvious over Lerner et al. 

Applicants strenuously disagree with the Examiner's 
assertion, at page 5 of the Official Action, that claims 6 and 8 
are obvious over Lerner et al . 

First, the Examiner, here again, asserts "the meaning of 
'covalently reactive antigen analog' is not defined" and that 
"it is taken to mean that something is bound covalently to an 
antigen with a reactive analog". As discussed above, the 
meaning of "covalently reactive antigen analog" (CRAA) has been 
clearly defined in the specification. The CRAAs of the present 
invention are antigen analogs comprising an electrophilic center 
flanked by peptide residues derived from proteins associated 
with a particular peptide antigen to be targeted for cleavage. 
CRAAs can be used to stimulate the production of catalytic 
antibodies against peptide antigens. 

Second, to establish a prima facie case of obviousness, 
three basic criteria must be met: (1) there must be some 
suggestion or motivation, either in the references themselves or 
in the knowledge generally available to one of ordinary skill in 
the art, to modify the reference or to combine reference 
teachings; (2) there must be a reasonable expectation of 
success; and (3) the prior art reference (or references when 
combined) must teach or suggest all the claimed limitations 
(MPEP §2143) . 

In the instance case, claims 6 and 8 are directed to 
methods for producing catalytic antibodies by administering to 
test subjects covalently reactive antigen analogs (CRAAs) . 
These methods, especially the use of CRAAs, are neither taught 
or suggested by Lerner et al . 

Particularly, the Examiner's assertion that " [t] he instant 
reference teaches the use of several antigen having analogs to 
the substrate to produce catalytic antibodies" and therefore 
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M [i]t would have been obvious to one of ordinary skill in the 
art to administer the antigens to a test subject with the 
anticipation that catalytic antibodies would be produced" is 
erroneous . 

Lerner et al . , in fact, teach the discovery and 
characterization of a unique type of antibodies, catalytic 
antibodies. While the reference also provides "[a] number of 
general strategies ... for generating catalytic antibodies, 
including (i) the use of antibodies to stabilize negatively and 
positively charged transition states, (ii) the use of antibodies 
as entropic traps, and (iii) the generation of antibodies with 
catalytic groups and cof actors in their combining sites." (Page 
660, left column) Lerner et al . , nowhere, teach or suggest "the 
use of antigen analogs having the features of the instantly 
claimed CRAA. Thus the reference fails to provide the 
skilled person with the motivation to develop the methods 
encompassed by claims 6 or 8 or the expectation of success of 
such methods. Accordingly, claims 6 and 8 are not unpatentable 
over Lerner et al . 

Claim 12 as amended is not obvious over either Blackburn et al . 

or Landry 

Claim 12 has been amended to recite methods for passively 
immunizing a patient with catalytic antibodies that are produced 
using the CRAAs of the present invention. 

However, Landry teaches catalytic antibodies capable of 
degrading cocaine and the use thereof for treating cocaine 
overdose and addiction in subjects. Blackburn et al . also teach 
the use of specific catalytic antibodies, such as those 
disclosed in Landry, in the clearance of toxic substances from 
the blood stream. Blackburn also teach the use of catalytic 
antibodies in converting prodrugs into active agents. It is 
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noted, however, that none of the cited references, teaches or 
suggests the use of catalytic antibodies produced using CRAAs of 
the present invention. Thus, neither Landry or Blackburn et al . 
teach or suggest the method encompassed by claim 12. It is a 
well-settled premise in patent law that "silence in a reference 
is not a proper substitute for adequate disclosure of facts from 
which a conclusion of obviousness may justifiably follow". In re 
Burt , 148 U.S.P.Q. 548 (CCPA 1966). 

Applicants submit that the obviousness rejection of claim 12 
over Landry or Blackburn et al . is therefore improper and should 
be withdrawn. 
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CONCLUSION 



In view of the amendments presented herewith and the 
foregoing remarks, it is respectfully urged that the rejections 
set forth in the February 19, 2003 Official Action be withdrawn 
and that this application be passed to issue. In the event the 
Examiner is not persuaded as to the allowability of any claim, 
and it appears that any outstanding issues may be resolved 
through a telephone interview, the Examiner is requested to 
telephone the undersigned attorney at the phone number given 
below . 



Respectfully submitted, 



DANN DORFMAN HERRELL & SKILLMAN , P.C. 



By. 




Kathleen D. Rigaut^yph . D . , J.D. 
Registration No. 43,047 



Tel : 



610-563-4100 



Enclosures: JBC manuscript by Paul et al . 
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We report the results of efforts to strengthen and di- 
rect the natural nucleophilic activity of antibodies (Abs) 
for the purpose of specific cleavage of the human immu- 
nodeficiency virus- 1 coat protein gpl20. Phosphonate 
diester groups previously reported to form a covalent 
bond with the active site nucleophile of serine proteases 
(Paul, S., Tramontane), A., Gololobov, G., Zhou, Y. X M 
Taguchi, H., Karle, S„ Nishiyama, Y. ( Planque, S., and 
George, S. (2001) J. Biol Chenu 276, 28314-28320) were 
placed on Lys side chains of gpl20. Seven monoclonal 
Abs raised by immunization with the covalently reactive 
analog of gpl20 displayed irreversible binding to this 
compound (binding resistant to dissociation with the 
denaturant SDS). Catalytic cleavage of biotinylated 
gpl20 by three monoclonal antibodies was observed. No 
cleavage of albumin and the extracellular domain of the 
epidermal growth factor receptor was detected. Cleav- 
age of model peptide substrates occurred on the C-ter- 
minal side of basic amino acids, and K m for this reaction 
was -200-fold greater than that for gpl20 cleavage, in- 
dicating Ab specialization for the gpl20 substrate. A 
hapten phosphonate diester devoid of gpl20 inhibited 
the catalytic activity with exceptional potency, confirm- 
ing that the reaction proceeds via a serine protease 
mechanism. Irreversible binding of the hapten phospho- 
nate diester by polyclonal IgG from mice immunized 
with gpl20 covalently reactive analog was increased 
compared with similar preparations from animals im- 
munized with control gpl20, indicating induction of Ab 
nucleophilicity. These findings suggest the feasibility of 
raising antigen-specific proteolytic antibodies on de- 
mand by covalent immunization. 



Promiscuous cleavage of small peptide substrates is a heri- 
table function of Abs 1 encoded by germ line gene variable 
domains (for review, see Ref. 1). Peptide bond cleaving Abs with 
specificity for individual polypeptides have been identified in 
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1 The abbreviations used are: Ab, antibody; mAb, monoclonal Ah; Bt, 
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rinamide; \TF. vasoactive intestinal peptide: HIV. human immuno- 
deficiency virus, exPXIFR, extracellular domain of enhanced green fluo- 
rescent protein: EL1SA. enzyme-linked immunosorbent assay. 



patients with autoimmune U > and alloimmune disease (2). 
Specific monoclonal Abs and Ab light chain subunits displaying 
proteolytic activities can be raised by routine immunization 
with polypeptides (3, 4). Under ordinary circumstances, how- 
ever, adaptive maturation of the catalytic activity may not be 
a favored event. B cell clonal selection occurs by sequence 
diversification of genes encoding the Ab variable domains 
followed by selective binding of the antigen to cell surface Abs 
with the greatest affinity, which drives proliferation of the B 
cells (5). Catalysis entails chemical transformation of the 
antigen and release of products from the Ab, which may cause 
cessation of B cell proliferation when the catalytic rate exceeds 
the rate of transmembrane signaling necessary to stimulate 
cell proliferation. 

Originally developed as irreversible inhibitors of conven- 
tional serine proteases, haptenic phosphonate esters are re- 
ported to bind the nucleophilic sites of natural proteolytic Abs 
covalently (6, 7). The haptenic phosphonates could potentially 
serve as covalently reactive analogs (CRAs) for inducing the 
synthesis of Abs with improved nucleophilicity. To the extent 
that Ab nucleophilicity is rate-limiting in proteolysis, its en- 
hancement may permit more rapid peptide bond cleavage, i.e. if 
the subsequent steps in the catalytic reaction cycle (hydrolysis 
of the acyl-Ab complex and product release! do not pose signif- 
icant energetic hurdles (see Fig. \f. The innate character of Ab 
nucleophilic reactivity is the central element of this approach, 
and there is no requirement for de novo formation of chemically 
reactive sites over the course of variable domain sequence 
diversification. Most previous attempts to program the struc- 
ture of catalytic .sites in Abs m comparison have relied on 
noncovalent stabilization of the oxyanionic transition state (i.e. 
by immunization with transition state analogs; Refs. 8 and 9). 
An Ab with esterase activity (10) and another with aldolase 
activity (11.) utilize covalent catalytic mechanisms, but the 
relationship of these activities to innate Ab nucleophilicity is 
unclear. 

An ideal antigen-specific proteolytic Ab may be conceived to 
combine traditional noncovalent binding interactions in the 
ground state of the Ab-antigen complex with nucleophilic at- 
tack on the peptide backbone. The ground state interactions 
are desirable to obtain specificity for individual polypeptide 
antigens. No impediments for catalysis are presented by the 
stable ground state complexes, provided the noncovalent inter- 
actions are carried over into the transition state complex and 
are properly coordinated with nucleophilic attack at the reac- 
tion center. In theory, synthesis of antigen-specific proteolytic 
Abs could be induced by an analog that presents a mimetic of 
the chemical reaction center in the context of classical anti- 
genic epitopes available for noncovalent binding interactions. If 
the reaction proceeds by a !ock-and-key stereochemical meeh- 
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Fi<;. 1 CRA structures <A) and their reaction with Abs (B). Ill is a schematic representation of gpllfl with R3 substituents at Lys residues 
Left of III are streptavidin-peroxidase stained blots of SDS-electrophoresis gels showing biotinylated III containing 4 mol (lane 1) and 14 mol (lane 
2) of phosphonate diester groups/mol gpl20. B: Nu, nucleophile; Ag-Lys-OH, N-terminal antigen fragment; NH 2 -Ag", C-terminal antigen 
fragment; k rBi - k3' +■ k3". A catalytic Ab forms the initial noncovalent complex by conventional epitope-paratope interactions. The active site 
nucleophile attacks the carbonyl carbon of the scissile bond in Ag 2 ' (substrate) to form the tetrahedral transition-state complex The C-terminal 
antigen fragment is released, and the acyl-Ab complex is formed. Hydrolysis of the acyl-Ab complex results in release of the N-terminal antigen 
fragment and regeneration of the catalytic Ab. The reaction with phosphonate-contaimng Ag" recapitulates the interactions in the ground and 
transition state Ab-Ag^ complexes (noncovalent binding at peptide epitopes and nucleophilic attack by the Ab), but unlike the acyl-Ab 
intermediate, the phosphonyl-Ab adduct is a stable product. A potential weakness i* that iminunogen III does not contain structural features 
favoring synthesis of Abs capable of rapid hydrolysis of the acyl-Ab intermediate and product release (bottom reaction scheme) 



anism, the mimetic must be located precisely at the position of 
the intended scissile bond in the backbone of the polypeptide 
antigen. In the instance of large proteins, locating the mimetic 
within the protein backbone is outside the range of present-day 
synthetic technologies. A potential solution is to place the mi- 
metic group at amino acid side chains using chemical linker 
techniques. An Ab nucleophile that recognizes the side chain 
mimetic could facilitate proteolysis if it enjoys sufficient con- 
formational freedom to approach the polypeptide backbone of 
the substrate and form the acyl-Ab complex (see Fig. ] ). 

We describe here the characteristics of Abs induced by a CRA 
of the HIV-1 coat protein gpl20 <gpl20-CRA) consisting of 
phosphonate diester groups located in Lys side chains of the 
protein. Enhanced serine protease-like nucleophilic reactivity 
of the Abs was observed. One monoclonal Ab cleaved gpl20 
slowly and specifically, it displayed preference for cleavage on 
the C -terminal side of Lys/Arg residues, and the catalytic re- 
action was susceptible to CRA inhibition. These findings are 
the first indications that Abs with proteolytic activity specific 
for individual proteins can be raised on demand. 



MATERIALS AND METHODS 
Hapten, f;pl20-CR.\<i, and Biotinylated Proteins— Synthesis of hap- 
ten CRAs I and II Cee Fig. 1) and their characterization by electro- 
spray ionization-mai-s spectroscopy and elemental analyses have 
been described previously (12) For preparation of gpl20-CRA III. 
the precursor diphenyl-A 7 [0-i3-sulfosuccinimidy])suberoyl)amino- 
(4amidinophenyl imeth.mephosphonate (IV) was synthesized by mixing 
a solution of diphenyl.imino(4-an 1 idinophenyl)methanephosphonate (79 
mg, 0.13 mmol) in A^AZ-di methyl form amide (2 ml) containing NJv T - 
diisopropylethylamint- (0.11 ml 0.63 mmol) and bistsulfosuccinimi- 
dyl isuberatc disodiim. .salt ( 150 mg, 0.26 mmol; Pierce) for 2 h. IV was 
obtained by reversed phase high performance liquid chromatography 
( 12) and lyophilized to give a colorless powder (yield 54^, 50 mg; mlz 
715 (MH+ ) by eleetrospray ionization mass spectroscopy). IV (1.1 mg) 
was reacted with elect rophoretically pure gpl20 (0.5 mg; Immunodiag- 
nostic Inc., MN strain purified from baculovirus expression system) in 
5 ml of 10 mM HE PES 25 m.M NaCl, 0.1 m.M CHAPS, pH 7.5 buffer (2 h, 
25 °Ci. Excess IV was removed by gel filtration (Micro Bio-Spin 6 
disposable column, Bio-Rad). and the concentration of free amines in 
the initial protem and CRA-denvitized protein was measured using 
fluorescamine 1 13). The density of labeling was varied as needed from 
4.0 to 32 b mol of CRA'mol of gplJO by varying the concentration of IV. 
Preparation of PP 120 Libeled at Lys residues with biotin 1 Bt-gpl20 1 was 



gpl20-cleaving Antibodies 



20431 



id 



79 



ng 
V. 



by similar means using 6-biotinamidohexanoic acid N-hydroxysuccin- 
imide ester (Sigma) The reaction time and reactant concentrations 
were controlled to yield biotin/gpl20 molar ratios 0.8-1.9. Unreacted 
biotinylation reagent was removed using a disposable gel filtration 
column in 50 mM Tris-HCI, 100 mM glycine, 0. 1 mM CHAPS, pH 7.8. The 
biotin content was determined using 2-< 4' -hydroxy azobenzene)benzoic 
acid ( 14). Total protein measurements were done using the BCA method 
(Pierce kit). Biotinylated III was prepared from Btgpl20 as described 
for III. With increasing incorporation of the hapten groups, biotinylated 
III tended to form dimers and trimers evident in SDS electrophoresis 
gels as bands at - 240 and 380 kDa (nominal mass of monomer gpl20, 
120 kDa), Biotinylated III at hapten density similar to the non-bio- 
tinylated III employed as immunogen (23 molAnol of gpl20) contained 
the monomer, dimer, and trimer species at proportions of 50, 21, and 
29%, respectively. Protein-CRAs were lyophilized and stored at -20 a C 
until used Bt-gpl20 was stored at -70 °C in 50 mM Tris-HCI, pH 8.0, 
0.1 m glycine, 0 1 mM CHAPS. Storage of I and II was at -70 C C as 10 
mM solutions in iV,A r -dimethylformamide. The extracellular domain of 
EGFR (exEGFR) obtained from Dr. Maureen O'Connor (15) was bio- 
tinylated as described for gpl20 (0 9 mol of biotin/mol of exEGFR). 

Antibodies — mAbs were prepared from female MRL/MpJ-Fas lpi mice 
{The Jackson Laboratory, Bar Harbor, ME; 4-5 weeks) immunized with 
gpl20-CRA III (23 mol of phosphonate diester/mol of gpl20). The mice 
were injected intraperitoneally on days 0, 14, and 28 days with gpl20- 
CRA III (11 ug) in Ribi adjuvant (monophosphoryl lipid A +■ trehalose 
dicorynomycolate emulsion; Sigma) followed by a fourth intravenous 
booster without adjuvant on day 55. Blood was obtained from the 
retroorbital plexus over the course of the immunization schedule. Three 
days after the final injection, hybridomas were prepared by fusion of 
splenocytes with myeloma cell line (NS-1; Ref. 3), After identification of 
wells secreting the desired Abs by ELISA, monoclonal cell lines were 
prepared by two rounds of cloning by limiting dilution. Monoclonal IgG 
was prepared from tissue culture supernatants containing mAbs (200 
ml) by affinity chromatography on immobilized protein G (3). Control 
mAbs (anti-VIP clone c23 5 and anti-yellow fever virus antigen clone 
CRL 1689. ATCCl and serum IgG were purified similarly. The IgG 
preparations were electrophoretically homogeneous, determined by sil- 
ver staining of overloaded IgG and immunoblotting with specific Abs to 
mouse IgG (3). Additional immunizations of female BALIi/c mice (Jack- 
son; 4-5 weeks) with gpl20 or gpl20-CRA were carried out similarly. 
mAb heavy and light chain isotypes were determined by ELISA as 
described (3). 

ELISA — Maxisorp 96-well microtiter plates (Num.) were coated with 
gpl20 or gpl20-CRA (40-100 ng/well) in 100 mM bicarbonate buffer, pH 
8.6. Routine ELISAs were carried out as described (16) For asssiy of 
irreversible binding, the Abs were allowed to bind the plates, and the 
wells were treated for 30 ruin with 2% SDS in 10 mM sodium phosphate, 
137 mM NaCl, 2.7 mM KC1, 0.05% Tween 20, pH 7 4 <PBS-Tween> or 
I'BS-Tween without SDS (control wells for measurement of total bind- 
ing). The wells were then washed threw times with PBS-Tween, and 
bound IgG was determined as usual using a peroxidase conjugate of 
goat anti-mouse IgG (Fc-s. pacific; Sigma). Observed values of binding 
were --orreeted for nonspecific binding in wells containing nonimmune 
IgG or nonimmune mouse serum (A,. )() c 0.03). Percent residual binding 
in SDS-treated wells was computed as (A 4Hfl , SDS-tre.ited wells' x 
100/<A 4 n„ PBS-Tween- treated wells). 

Electrophoresis of Ab-CRA Complexes- — Irreversible binding of bioti- 
nylated ORAs by purified IgG was determined by denaturing electro- 
phoresis (6). Briefly, the reaction mixtures were intubated at 37 °C in 
50 mM Tris-HCI, 0 1 M glycine, pH S.O. SDS was ad-led to 2%, and the 
mixtures were boiled (5 mm) and then subjected to SDS-PAGE (4 -20%, 
Bio-Kad, or 8-259J Phast gels, Amersham Biosciences). After electro- 
blotting onto nitrocellulose membranes .0.22 /ini. Bio-Kad ), the mem- 
branes were blocked with 5<"c skim milk in PBS-Tween and processed 
for detection of IgG or biotm using peroxidaso-conjugated goat anti- 
mouse IgG (Sigma: or peroxidaso-conjugated streptavidin, respectively. 
Imaging and quantification were using x-ray film ' E.istman Kodak Co.) 
with disc in-it software (Silk scientific , Orem, UT- or i Kluoro-STM 
Multi Imager iBio-Rad). Biotinylated bovine serum .ilbuniin ill mot of 
hiotin/mol of bovine serum albumin; Sigma) was employed to construct 
a standard curve (0 0*5 — 1.5 pmol of biohn/lanet. 

Hydrolysis Assays — Biotinylated proteins were incubated with IgG 
in 50 him' Tris-HCI. 0.1 M glycine, 0.1 n.M CHAPS, j.H 8. at 37 : 'C the 
reaction was terminated by addition of SDS to 2*%. and the samples 
were boiled i5 mini and then analyzed by reducing SDS-gel electro- 
phoresis i4-20'/, Bio-Rad). Biotin containing protein bands in blots of 
the gel were identified and quantified as in the preceding section. In 
some blots, reaction products were identified by immunoblotting using 
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Fig. 2. Irreversible III binding by polyclonal Abs. A, immobi- 
lized gpl20. B, immobilized III. Shown are ELISA values for binding of 
polyclonal Abs in serum of mice hyperimmunized with III (pooled sera, 
n = 4 mice). Binding of nonimmune mouse serum was negligible (A 4B0 
of 1:100 nonimmune serum in 0.001 (A) and -0.002 CB)), Residual and 
total binding represent A 490 values in wells treated with and without 
SDS, respectively. Inset, anti-IgG stained blot of SDS-electrophoresis 
gels showing III (0.3 fiM) treated for 48 h with nonimmune IgG {lane 2, 
0.1 fin) and anti-Ill IgG {lane 3, 0.1 ^iM), Large Ab-containing adducts 
are evident at ~ 400 kDa in lane 3. Lane 1 is a shorter exposure of lane 
2 showing a well defined 150-kDa band at the position of the smear 
evident in overexposed lanes 2 and <3. 

peroxidase-conjugated goat anti-gpl20 Abs (Fitzgerald, Concord, MA; 
catalog #60-H14) (16). N-terminal sequencing of protein bands from 
electrophoresis gels was done as described previously (17). Hydrolysis of 
peptide-MCA substrates (Peptide International, Louisville, KY or 
Bachem Biosciences, King of Prussia, PA) was determined in 96-well 
plates by fluorimetric detection of aminomethylcoumarin (Varian Cary 
Eclipse; \ ei 360 rnn, A em 470 nm) with authentic aminomethylcoumarin 
as standard (6). Cleavage of [Tyr ] °- 12S I|VIP by mAb c23.5 was meas- 
ured as the radioactivity rendered soluble in trichloroacetic acid (17). 
Kinetic parameters for cleavage of increasing concentrations of peptide- 
MCA substrates were determined from the Michaelis-Menten equation, 
v ~ ^ ir.axtSlV^,,, r IS]). Because of the expense of studying gpl20 
< leavage at large concentrations of the protein, K d (- K m ) and Jt t<tt for 
this reaction were obtained from the general quadratic equation (17) 
ICS) 2 - ICS] ([C,] * iS ( ) + K d ) + [0,1 [SCJ = 0, where [C\] and (SJ are 
the total concentrations of cataljst and substrate, and [CS] is the 
catalyst-substrate concentration. The method consists of calculation of 
ICS] at a series of assumed K d values. The assumed K d value yielding 
the best fit (by linear regression) between the observed reaction velocity 
and [CS) represents the experimentally determined K d k cgl is computed 
as the slope of the observed velocity versus fCS) plot. 



gp!20-CRA Design and Validation— Synthesis of hapten 
ORAs I and II (Fig. 1) and their covalent reactivity with nat- 
urally occurring proteolytic Abs has been described previously 
(6, 7). The electrophilic phosphonate mimics the peptide bond 
carbonyl group susceptible to nucleophilic attack, the positively 
charged amidino group adjacent to the phosphonate diester 
serves as a mimic of Lys/Arg PI residues at which cleavage by 
germ line-encoded proteolytic Abs is observed (6), and the bio- 
tin group in I permits sensitive detection of Ab- phosphonate 
adducts. gplL'0-CRA III contains phosphonate diester groups 
in spatial proximity with antigenic epitopes presented by the 
protein Multiple phosphonate diester groups were available 
per molecule of gpl20, allowing presentation of the electro- 
philic hapten in conjunction with diverse antigenic epitopes. 

Robust polyclonal Ab responses in MRI/lpr and BALB/c mice 
immunized with III were observed by routine ELISA. Abs 
raised to III were bound at somewhat greater levels by immo- 
bilized III than control gpl20 devoid of phosphonate diester 
groups ; Fig. ~). Conversely, Abs raised to control gpl20 recog- 
nized immobilized III, hut the binding was 3-4-fold lower than 
by immobilized gpl20 \e.g. at serum dilution of 1:1000, A 4W , 
0.44 + 0.03 for immobilized III and 1.40 ~ 0.03 for immobilized 
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Fig. 3. Irreversible HI binding by monoclonal Abs. ELISA showing SDS-resistant III binding by tissue culture supernatant^ containing 
mAbs (YZ series) [A ) and monoclonal IgG purified from clone YZ18 iB) raised by immunization with gpl20-CRA III. mAb CRL 1689 is an irrelevant 
monoclonal IgG with same isotype as mAbs YZ21 and YZ23. Immobilized antigens are gpl20 and III. SDS-resistant III binding is indicted by fears 
and the curve labeled III + SDS. 



gpl20). Ill binding by nonimmune Abs was negligible, indicat- 
ing that indiscriminate covalent binding at the hapten groups 
was not a problem. The observed differences in the antigenic 
reactivity of gpl20 and III were held to be sufficiently small to 
proceed with further Ab studies. To facilitate high throughput 
screening, the feasibility of measuring irreversible III binding 
by Abs was studied by ELISA. After binding of polyclonal Abs 
anti-Ill Abs to the immobilized antigens, ELISA plates were 
treated with the denaturant SDS to remove reversibly bound 
Abs. SDS treatment allowed essentially complete removal of 
anti-Ill Abs bound by control gpl20 devoid of hapten phospho- 
nate groups. In comparison, 13-40% of the overall anti-Ill Ab 
binding activity consistently remained bound to immobilized 
III after SDS treatment in three repeat experiments. SDS- 
electrophoresis and immunoblotting with Abs to mouse IgG 
confirmed formation of irreversible Ab-III complexes in boiled 
reaction mixtures (Fig. IB, inset, lane 3, estimated mass from 
extrapolated standard curve of molecular mass standards, 
400 kDa; large complexes can be formed by binding of mul- 
tiple Abs to hapten groups in III). 

Catalytic Activity — mAbs were prepared from MRL/lpr mice 
immunized with gpl20-CRA III. This mouse strain develops 
lupus-like autoimmune disease attributable to the dysfunc- 
tional Fa^-receptor gene. Spontaneous development of proteo- 
lytic Abs fl8j and increased synthesis of esterase Abs in re- 
sponse to immunization with phosphonate monoester haptens 
( 19, 20) have been reported in this mouse strain. Supernatants 
from 712 hybridoma wells itwo splenocyte-myeloma cell fu- 
sions J were screened for SDS-resistant binding to III. IgG from 
seven wells was positive for this activity. After cloning of the 
cells by limiting dilution, monoclonal IgG from the superna- 
tants of the seven cell lines was purified, and the binding 
assays were repeated (Fig. :l; clones YZ18, IgG2a,K; YZ19, 
IgG2b,K; VZ20, IgG2a t K; YZ21, IgG2a,«; YZ22, igG2a,*; YZ23, 
IgG2a,K, and YZ24, IgGl,K). Of total binding observed without 
SDS treatment of the ELISA plates, residual binding after the 
detergent treatment was 43-83% in 4 repeat assays. All seven 
mAbs were also bound by gpl20 devoid of hapten CRA groups 
determined by routine ELISA without SDS treatment, indicat- 
ing that they are not directed to neoepitopes generated by 
chemical modification procedures used for III preparation. An 
irrelevant mAb (clone CRL 1689) displayed no detectable bind- 
ing of III or gpl20. 

Of seven mAbs with irreversible III binding activity, slow 
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Fig 4. Cleavage of Bt-gpl20 by mAb YZ20\ A, streptavidin per- 
oxidase-stained blot of SDS-electrophoresis gels showing time-depend- 
ent Bt-gpl20 cleavage by mAb YZ20 and lack of cleavage by mAb YZ19 
(22 h incubation). IgG, 1 m m; Bt-gpl20, 0.2 (lm. OE, overexposed lanes 
showing Bt-gpl20 incubated for 22 h in diluent and with YZ20 IgG (1 
/im). Product bands al 27 and 15 kDa are visible in addition to the major 
50-55 kDa bands. B anti-gp 120- peroxidase stained blot ofSDS-elec- 
trophoresis gel showing gpl20 (1 ( M\ incubated with diluent or YZ20 
IgG (1 tiM, 24 h). 

cleavage of Bt-gpl20 by three mAbs was detected (YZ18, YZ20, 
YZ24), determined by the appearance of biotin-containing frag- 
ments of the protein in SDS-electrophoresis gels. The electro- 
phoretic pattern of Bt-gpl20 cleaved by mAbs YZ18 and YZ24 
were similar to that shown for mAb YZ20 in Fig. 4. mAb YZ20 
was further studied as it cleaved Bt-gpl20 -5 -fold more rap- 
idly than the other two mAbs. The consumption of gpl20 was 
time-dependent (Fig. 4A i. Major biotin-containing cleavage 
products with apparent mass 55 and 50 kDa were observed 
along with less intensely stained bands at 27 and 15 kDa. A 
band at 35 kDa was visible in overexposed gels, but this does 
not represent a product of mAb cleavage, as it was present at 
similar density in control incubations of Bt-gpl20 in diluent. A 
control-irrelevant mAb (clone CRL 1689) did not cleave Bt- 
gpl20. Immunoblotting using polyclonal anti-gpl20 Abs con- 
firmed that non-biotinylated gpl20 is also susceptible to cleav- 
age by the mAb (55-kDa cleavage product, Fig. 4B). Both 
detection methods allow quantification of gpl20 cleavage by 
measuring depletion of intact gpl20. Neither method provides 
guidance about the complete product profile or product eoncen- 
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FiO 6 Enhanced hapten CRAI covalent binding by polyclonal IgG from mice immunized with III IA) and potent inhibition of mAb 
YZ20 cleavage of Bt-spl20 by hapten CRA II (B).A, binding of hapten CRA I ( 10 (jm), determined by incubation with IgG (0.4 /im) from BALB/c 
mice immunized with III <Ms9-12) or control gpl20 (Msl-4> for 60 min, SDS-clectrophoresis, and quantification of the biotm-containing band at 
l r )0 kDa NI nonimmune IgG (pooled from 20 mice). Inset, representative SDS-electrophoresis lanes showing hapten CRA I binding by IgG from 
i mouse immunized with III (Ms J J), a mouse immunized with KpV20(Ms3>, and nonimmune IgG (N/). B, Bt-gpl20 (0.1 fiM) cleavage by mAb YZ'JO 
■ 1 fiM, 4 h) and !Tyr 10 - l2S I]VIP (-100 pM, 45,000 cpm) cleavage by mAb c23.5 (20 nM, 18 h) were measured in the presence of increasing II 
concentrations. In the absence ofll, 15 and 40T; of available Bt-gpl20 and VIP, respective; ly, were cleaved. 



CRA does not contain antigenic epitopes belonging to gpl20, 
and noncovalent binding interactions are not anticipated to 
contribute to its irreversible binding by Abs. IgG samples from 
.ill four mice immunized with III displayed superior I binding 
compared with IgG from mire immunized with control gpl20 
imean values, 0.31 and 0.01 pmol I; p < 0 02, Student's t test, 
unpaired observations) as well as pooled nonimmune IgG (Fig. 
6). BALB/c mice were studied in this immunization. It may be 
concluded that synthesis of nut leophilk Abs in response to 
immunization with III is not restricted to autoimmune hosts 
imAbs to gpl20-CRA III were prepared from MRL/lpr mice). 

DISCUSSION 

The goal of this study was to strengthen the intrinsic serine 
protease-like reactivity of Abs and direct the reactivity to cleav- 
age of gpl20. Improved irreversible binding of hapten CRA by 
Abs after immunization with gpl20-CRA III was evident, and 
the hapten CRA was a potent inhibitor of gp!20 cleavage by a 
mAb. These observations suggest adaptive improvement of Ab 
nucleophilicity induced by the phosphorate diester groups. 
Specificity of the Abs for gpl20 was obtained by traditional 
noncovalent mechanisms, i.e.. recognition of gpl20 epitopes lo- 
oted in the proximity of the phosphonate diester groups. No 
cleavage of unrelated proteins by the gpl20-c leaving mAb was 
observed, and the K m value of cleavage of a model peptide was 
200-fold greater than of gpl20 cleavage, indicating the absence 
of indiscriminate proteolysis. 

Proteolysis entails Ab attack on the backbone of gp!20, 
whereas the phosphonate electrophiles are located in Lys side 
chains of the immunogen. Because mAbs raised to gpl20-CRA 
displayed proteolytic activity, the nucleophile developed to rec- 
ognize the side chain electrophiles must enjoy sufficient con- 
formational freedom to attack the polypeptide backbone. Move- 
ments of individual amino acids in Ab combining sites after 
binding to antigen have been reported (24, 2f>) Epitope map- 
ping and mutagenesis studies of certain proteolytic Abs indi- 
cate that the catalytic residues do not participate in stabiliza- 
tion of the Ab-antigen ground state complex (26, 27), 
suggesting that the mobility of the nucleophile may not be 
restricted by initial noncovalent Ab-antigen interactions. Nat- 



urally occurring mAbs to MP (17) and gp41 (4) cleave multiple 
peptide bonds in these antigens, which may be explained by 
hypothesizing formation of alternate transition states in which 
the nucleophile is free to initiate nucleophilic attack on spa- 
tially neighboring peptide bonds (for review, see Ref. 28). Un- 
derstanding the extent of conformational freedom of Ab nucleo- 
philes is important, because there is no viable alternative to 
locating the peptide bond mimetic in the side chains when large 
proteins must be vised to induce the synthesis of catalytic Abs. 
In addition to direct structural analysis of nucleophile move- 
ments in available catalytic Abs, the length and flexibility of 
the linker utilized to attach the phosphonate groups at Lys side 
chains can be varied in future studies to assess the flexibility of 
the catalytic site. In the case of synthetic peptide immunogens, 
the phosphonate groups can be incorporated within the peptide 
backbone to better miio.ii the intended scissile bond (7). How- 
ever, synthetic peptides often fail to assume conformations 
similar to their cognate determinants in full-length proteins, in 
which case anti-peptide Abs do not recognize the parent 
proteins. 

The fully competent catalytic machinery found in modern 
non-Ab serine proteases has presumably evolved in response to 
selection pressures that optimized each of the rate-limiting 
steps in the catalytic cycle. In comparison, a CRA immunogen 
can at best select for Abs with the greatest covalent attack 
capability. No selection for hydrolysis of the acyl-Ab complex or 
the subsequent product release steps is anticipated, which may 
account for observations of limited Ab turnover. Two previous 
attempts to raise esterase Abs indicated the formation of irre- 
versible substrate binding by Abs (29, 30j, suggesting the need 
to optimize events occurring after nucleophilic attack by the 
Abs. Furthermore, structural refinements of the immunogen 
could be implemented to help guide the Ab-antigen complex 
toward the catalytic pathway, e.g. inclusion of a component 
that binds a water molecule and facilitates hydrolysis of the 
acyl-protein complexes. Notwithstanding this weakness, the 
results reported here represent a significant advance toward 
developing antigen specific proteolytic Abs. Previously, several 
Abs with haptenic ester-hydrnlyzing activity have been raised 
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based on the premise that catalytic sites capable of noncovalent 
stabilization of the oxyanionic transition states can be formed 
de novo over the course of adaptive sequence diversification of 
Ab variable domains (8, 9). This approach has not been suc- 
cessful for development of proteolytic Abs. Pollack et al. (31) 
describe the failure of a phosphonate monoester analog of Phe- 
Leu-Ala to induce proteolytic Ab synthesis. No attempt was 
made in this study to recruit the intrinsic properties of natural 
Abs for the purpose of protease synthesis, i.e. their nucleophi- 
licity and selective recognition of basic residues adjacent to the 
cleavage site. Recently, phosphonate monoesters were discov- 
ered to form covalent bonds with nucleophiles in serine pro- 
teases, but their reactivity is weaker than the diester used in 
the present study, and no detectable reaction occurs unless an 
adjacent positive charge is present (6, 12). 

Evidence for increased potency because of the catalytic func- 
tion has recently been published in regard to Ab antagonism of 
the biological effects of VIP, a 28-amino acid neuropeptide (32, 
33). Concerning gpl20, a major hurdle has been to induce the 
synthesis of Abs that recognize the determinants involved in 
viral entry, i.e. the binding sites for host CD4 and chemokine 
receptors. Most Abs raised to monomer gpl20 are directed to its 
variable region epitopes, and the Abs do not neutralize diverse 
HFV-1 strains found in different geographical locations (34). 
Reversibly binding Abs must bind at or near the receptor bind- 
ing sites of gpl20 to sterically hinder HIV entry into host cells. 
Proteolytic Abs offer the potential advantage of gpl20 inacti- 
vation even if cleavage occurs at a site that does not itself 
participate in binding to host cells. Discussion of the immuno- 
therapeutic potential of mAbs to gpl20-CRA III is beyond the 
scope of the present study, but initial HIV-1 neutralization 
studies suggest that certain mAbs raised to gpl20-CRA III 
neutralize the HIV-1 primary isolate ZA009 (peripheral blood 
mononuclear cell cultures; infection was measured by deter- 
mining p24 antigen concentrations). 2 A potential pitfall is that 
proteolytic Abs to monomer gp!20-CRA may not recognize tri- 
raeric gpl20 on the surface of HIV-1, as observed for reversibly 
binding Abs to the protein (35). The CRA immunogen tech- 
niques described in the present study are readily applicable to 
recently developed recombinant mimetics of trimeric gpl20 
(36) as well as whole HIV-1 particles. 
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of the University of Nebraska for preparing hybridomas. 

REFERENCES 

1 Tramontane), A., Golobov, G , and Paul, S. '2000) in Chemical Immunology: 
Catalytic Antibodies (Paul, S., edt Vol. 77, pp. 1 17, S. Karger GmbH, Basel, 



2 S. Paul, S. Karle, and C. Hanson, unpublished information. 



Switzerland 

2. Lac roue Deem aies, S., Moreau, A„ Sooryanarayana-Bonnemain, C , Stieltjea. 

N . Pashov, A , Sultan. Y , Hoebeke, J , Kazatchkine. M D and Kaveri, 
P. V. (1999) Not. Med. 5, 1044-1047 

3. Paul, S., Sun, M., Mody, R., Tewary, H. K., Stemmer, P., Maasey, R J., 

Gianferrara, T., Mehrotra, S., Dreyer, T., Meldal, M., and Tramontano, A. 
(1992) J. Bu>l. Ckem. 267, 13142-13145 

4. Hifumi, E., Okamoto, Y„ and Uda, T. (1999) J. Bioaci. Bioengcn. 88, 323-327 

5. NossaJ, G. J. (2002) Immunol. Rev. 186, 15-23 

6 Paul, S„ Tramontane, A., Gololobov, G., Zhou, Y. X., Taguchi, H., Karle, S„ 
Nishiyama, Y., Planque, S„ and George, S. (2001) J Biol. Chem. 276, 
1:8314-28320 

7. Taguchi, H., Burr, G,, Karle, S , Planque, S , Zhou, Y. X., Paul, S., and 

Nishiyama, Y. (2002) Bioorg. Med. Chem. Lett. 12, 3167-3170 

8. Tramontano, A., Janda, K. D., and Lerner, R. A. (1986) Proc. Natl. Acad. Sci. 

IK S. A. 83, 6736-6740 

9. Schultz, P, G„ and Lerner, R. A. (1995) Science 269, 1835-1842 

10 Wagner, J., Lemer, R. A., and Barbas, C. F„ III ( 1995) Science 270, 1797-1800 

11 Zhou, G. W., Guo, J., Huang, W,, Fletterick, R. J , and Scanlan, T. S. (1994) 

Science 268, 1059-1064 

12. Nishiyama, Y , Taguchi, H , Luo, J. Q., Zhou, Y. X., Burr, G., Karle, S., and 

Paul, S. (2002) Arch. Biochem. Biophys. 402, 281-288 

13. Udenfriend, S., Stein, S„ Bohlen, P., Dairman, W., Leungruber, W., and 

Weigele, M. (1972) Science 178, 871-872 
14 Green, N. M. (1965) Biochem. J 94, 23-24 

15. Brown, P. M., Debanne, M T , Grothe, S , Bergsma, D., Caron, M., Kay, C, and 
O'Connor McCourt, M. D. (1994) Eur J Biochem 22B, 223-233 

16 Karle, S., Nishiyama, Y., Zhou, Y. X., Luo, J , Planque, S., Hanson, C, and 
I'aul, S. (2003) Vaccine 21, 1213-1218 

17. Sun. M., Gao, Q. S., Kirnarakiy, L., Rees, A., and Paul, S. (1997) J. Mol. Biol. 

271, 374-385 

18. Bangale, Y„ Karle, S. f Zhou, Y. X., Lan, L , Kalaga, R., and Paul, S. (2003) 

F.\SEB J. 17, 628-635 

19. Taw&k, D. S„ Chap, R., Green, B. S., Sela, M., and Eahhar, Z. (1995) Proc 

Natl. Acad. Sci. U. S. A 92, 2145-2149 
2D. Sun J., Takahashi, N„ Kakinuma, H., and Nishi, Y. (2001) J. Immunol. 167, 
5775-5785 

21. Kalaga, R., Li, L , O'Dell, J. R., and Paul. S. 11995) J. Immunol. 155, 
2695-2702 

1:2. Gololobov, G., Sun, M., and Paul, S. (1999) Mol. Immunol. 36, 1215-1222 

23. Noda, Y., Jujiwara, K., Yamamoto, K., Fukuno, T , and Segawa, S. L (1994) 

Biopolymers 34, 217-226 

24. Jimenez, R., Salazar, G., Baldridgt\ K, K., and Romesberg, F. E. (2003) Proc 

Natl. Acad. Sci V. S. A. 100, 92-97 
2.5. Bra.ien, B. C, and Poljak, R. J. (l')95) FASEB J. 1, 9-16 
2fi. Gao. Q. S., Sun, M„ Rees, A., and Paul, S. (1995) J. Mol. Biol. 253, 658-664 

27. Paul, S , Voile, D. J., Powell, M. J., and Massey, R, J. (1990) J. Biol. Chem. 265, 

1L910-11913 

28. Paul, S. (1996) Mol. Biotechnol. 5, 197-207 

ZH Rao G., and Philipp, M. (1991) J. Protein Ckem. 10, 117-122 
:«). Left vre. S., Debat, H., Thomas, D„ Friboulet, A., and Avalle, B. (2001) FEBS 
lett. 489, 25-28 

;U. PoD.ick, S. J., Hsiun, P., and Schultz, P. G. (1989) J Am. Chem. Soc. Ill, 
M61-5962 

.\2. Bensha, H. I., Bratut, M., Bangaie, Y„ Colasurdo, G., Paul, S., and Said, S. I. 

(2002) Pulm. Pharmacol. Ther. 15, 121-127 
i.S Voi-e, J. K., Grinninger, C„ Kong. Y„ Bangaie, Y., Paul, S., and Goetzl, E, J 
[ 2002) J. Immunol. 170, 308-314 

34. More, J , and Trkola, A. (1997) AIDS Res. Hum. Retroviruses 13, 733-736 

35. Kw..ng, P. D , Doyle, M. L , Casper, D. J., Cicala, C„ Leavitt, S. A., Majeed, S., 

i-'teenbeke, T. D., Ventun, M., Chaiken, I., Fung, M , Katinger, H , Parren, 
V. W., Robinson, J„ Van Ryk, D., Wang, L , Burton, D. R., Freire, E., Wyatl, 
H., Sodroski, J., Hendrickson, W. A., and Arthos, J. (2002) Nature 420, 
I-.78-682 

36. Kwng, P. D , Wyatt, R„ Sattentau, Q, J„ Sodroski, J., and Hendrickson, W A. 

\J000)J. Virol. 74, 1961-1972 



